Objective. Multi-drug resistant bacterial infections, in particular when Methicillin-Resistant Staphylococcus Aureus (MRSA) is involved, have become a relevant problem in both general and specialized intensive care units. The aim of this study was to identify the epidemiology of MRSA infections in a Cardiac Surgical Intensive Care Unit, to assess their impact on mortality and to identify predictors of MRSA infection and mortality in this population.
Introduction
Despite considerable improvements in surgical techniques and antibiotic therapies in the last decades, Healthcare Associated Infections (HAI) in surgical patients admitted to Intensive Care Units (ICU) continue to be among the most severe complications, especially after cardiac surgery.
(1,2)
Infections after cardiac operations are associated with poor outcomes, including elevated readmission rates, prolonged hospital stay, higher rate of surgical revisions, administration of antibiotics, and adoption of resources that comply with higher health care costs and mortality. (1, 2) Among the various species of pathogens involved, Staphylococcus aureus strongly impacts on the outcomes of these patients. Methicillin-resistant Staphylococcus aureus (MRSA) infections have become a relevant problem in cardiac surgery because of their multidrug-resistant profile, virulence and disease spectrum.
All over the world, ICUs may a have a role in the selection of resistant microbiological strains. Therefore, a strict surveillance system, to prevent the spread of these strains, is a major public health challenge and often requires several institutional efforts. (3) (4) (5) (6) (7) The aim of this study was to identify the epidemiology of MRSA strains among the microbiologic isolates in a Cardiac Surgical Intensive Care
Unit over a 7-year period, to assess its impact on mortality and to identify predictors of MRSA infection and mortality in this population. These results will be commented in the light of similar data reported by our study group on a similar population of cardiac surgery patients in the past. (1) 
Patients and methods
The study was conducted in compliance with the Declaration of Helsinki and had the approval of the local ethical committee. We analyzed data of patients who underwent cardiac surgery at San Raffaele Scientific Institute over a seven-year period. Our teaching hospital has 3 cardiac surgery operating rooms, and a 14 bed dedicated ICU. All patients underwent cardiac surgery under general anesthesia and were transferred, intubated, to the ICU.
All patients received standard postoperative intravenous therapy, including hydration, antacids and diuretics, together with inotropes and devices, if needed.
Similarly, intravenous antibiotic prophylaxis was performed shortly after the induction of general anesthesia and maintained for the first 48 hours postoperatively: 2 g of cefazolin was used as an induction bolus (in patients with known allergy to beta-lactams, either vancomycin 1 g or clindamycin 600 mg were used), and 1 g 3 times a day was the standard maintenance dose (or vancomycin 500 mg 4 times a day).
Infection was suspected if a patient developed fever (body temperature T>38 C°), an increase in white blood cell count, changes in the chest Xray consistent with pneumonia, worsening of respiratory function not due to cardiogenic pulmonary oedema or a new increase in C reactive protein.
When an infection was suspected, 3 sets of blood cultures, deep tracheal aspirate or bronchoalveolar lavage, and urine samples were sent to the laboratory for microbiological examination.
In addition, if an intravascular device infection was suspected, the device was changed or removed and the tip was sent for microbiological investigation.
If considered appropriate, a wide spectrum antibiotic was initiated before completion of microbiological tests.
Generic prophylactic measures were routinely applied, such as hand washing and use of gloves. No specific prophylactic measures were routinely adopted (i.e. preoperative screening of Staphylococcus species carriers, screening of medical staff, application of topical chlorhexidine).
Hemodynamic monitoring was performed for each patient according to clinical needs. Acute kidney damage was diagnosed in the presence of an increase in serum creatinine value of 50% or a decrease in glomerular filtration rate of 25%, compared to preoperative data. Fisher's test was used to calculate p-values between 2 groups for categorical variables, whereas Wilcoxon test was used for continuous variables.
Multivariate analysis was performed using a stepwise logistic regression.
The set of covariates was based on the univariate logistic model: all the variables with a p-value < 0.2 were included in the multivariate model. A further dicotomous variable, the "presence of at least 3 comorbidities", was created and tested in the multivariate models. All statistical analyses were performed with SAS software (release 9.2 by SAS Institute Inc.
Cary, NC, USA).
Results
Eight thousand, one hundred and sixty two microbiological samples were The mean age of the overall study population was 60 ± 13.7 years, and 4,696 (64%) were male. One hundred-sixty three patients (2.2%) died.
The number of patients with MRSA infection, stratified according to years, was always below 1% and is reported in figure 1 . 
Discussion
This study analyzed all the patients who underwent cardiac surgery at our institution over a six-year period, focusing on the development of MRSA infections during the cardiac Intensive Care Unit stay. These data are to be compared with those from our previous study conducted between 1997 and 2003 in the same center and enrolling similar patients. First of all, MRSA was observed with a prevalence rate below 1% in the whole study period, compared to the 2% of the pre-existing study. This observation suggests that, although MRSA infection rate is decreasing, the occurrence of such a complication is still not easy to handle, therefore strong efforts should be made to prevent it. An interesting finding was also the fact that the patients undergoing diuretic therapy before surgery presented a higher risk for MRSA infection. This is not a surprising result, even though the scientific evidence in this field is still limited. 
CONCLUSION
MRSA infections in our experience are less common than in the past, yet they still have a strong impact on the patients' outcome. Therefore, efforts should be directed toward the development of new risk analysis models that might implement health care practices and might become precious instruments for infection prevention and control.
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